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Abstract: In recent decades, territorial transformations have occurred on the Spanish Mediterranean
coast due to the real estate bubble (1997–2008). The objectives of this research are: (1) to analyse the
domestic water consumption trend in the study area (“Beach Sector” of the city of Alicante, Southern
Spain) (2000–2017); and (2) explore water use and the characteristics of detached houses and how its
residents have introduced water-saving measures to reduce consumption after the economic crisis in
the study area. A review and analysis of data on housing and population has been carried out where
this urban development type has been implemented. Moreover, surveys of the residents have been
conducted in order to determine and analyse water consumption, and the perception and knowledge
used to reduce water consumption in detached houses. The results show that consumption decreased
between 2000 and 2017 due to different factors and there was no change in the water consumption
trend at the end of the economic crisis. In view of the conclusions, it should be mentioned that this
reduction has been associated with a greater environmental awareness of the need to save water, the
installation of systems that use water more efficiently and water-saving devices. All of this is aimed
at reducing the water bill that has been exacerbated by an increase in water prices seeing as this is the
type of property that consumes the most water.
Keywords: economic crisis; urban sprawl; consumption; water; Alicante
1. Introduction
The intensive socioeconomic development recorded in European countries since the second
half of the twentieth century has, among other aspects, led to a change in lifestyle and an increase
in urban-residential areas [1]. In the 2000s, different reports that were prepared by the European
Environment Agency such as the State of the Environment [2] and Urban Sprawl [3] highlighted that
in the previous twenty years, built-up areas in Europe had grown by 20% and they highlighted the
possible repercussions of this dynamic on resources such as land and water, energy demands or the
generation of waste [4].
Since the beginning of the twenty-first century, significant morphological and social changes
have been taking place in many Spanish cities [5]. During the aforementioned real estate boom, the
total number of properties in Spain increased by almost five million (25%) between 2001 and 2011 [6].
Until 2008, in Spain, urbanized and built surfaces increased, together with processes of expansion
and the modernization of cities. This has produced contradictions and internal conflicts linked to the
overconsumption of resources (land, energy, water) and pollution (air, water, heat islands, urban solid
waste) [7–9].
Urban Sci. 2019, 3, 7; doi:10.3390/urbansci3010007 www.mdpi.com/journal/urbansci
Urban Sci. 2019, 3, 7 2 of 18
One of the features that characterize the Spanish Mediterranean coast as a result of the recent real
estate boom (although its origin has been related to the spread of urban-residential uses since the end of
the 1960s) has been the spread and generalization of low-density urban types (“urban sprawl”) [10].
In some areas of the Alicante coast, this urban sprawl represents 60% of the total built area [10].
Its expansion is related to the search for less dense, congested urban spaces rather than the town centres
and the expansion of residential-tourism development in coastal areas [11]. This type of development
is characterized by the presence of outdoor elements, such as gardens and private swimming pools,
that consume high amounts of water compared to the traditional compact urban model [12–15].
In this respect, in Australia, Hurd [16] states that approximately half of the water used by these
households goes to watering the garden and/or filling up the swimming pool. This development type
has also spread in other European Mediterranean countries, such as France [17], Italy and Greece [1],
along with in tourist and residential areas of the United States [18], Australia [19], Japan [20] and South
America [21].
Despite the significant development of garden areas associated with urban sprawl and their impact
on water consumption, the demand generated by these spaces is a topic that has only recently been
dealt with in Spanish scientific literature [4]. Relatively little is known about the characteristics of these
spaces or the behaviour of their owners. Furthermore, there is a tendency to think that single-family
gardens use water in excess as a result of the lack of knowledge about gardening or the low cost of the
resource. In Spain, recently, a few studies that consider these lines of research have been carried out in
the Metropolitan Area of Barcelona, Girona, Granada, Balearic Islands, Seville, Zaragoza and, in recent
years, on the coast of Alicante [4].
The increase in urbanization associated with the real estate boom and the proliferation of urban
sprawl development types have demonstrated the unsustainability of the model established due to
the high levels of water consumption required [10]. This situation gets worse in periods of drought.
However, in the majority of European and Spanish urban agglomerations a drop in water consumption
has been observed since the middle of the 2000s [11,22,23].
It is therefore necessary to gain more insight into the factors affecting domestic water consumption
and their interrelationships. Studies on water conservation, and especially those on urban water
conservation in the developed world [24], have mainly focused on certain areas of North America [25]
and Australia [26]. By examining other environmental settings, a wider variety of factors influencing
water conservation practices can be assessed more comprehensively. Most notably, the considerable
influence of different community water consumption models and the potential of urban and regional
planning for water conservation have to be put at the forefront of research and practices on this
topic [27]. This is of vital importance in terms of planning future water demand scenarios, taking into
account continued urban population growth, episodes of water stress, drought events and the impact of
the climate change on the availability of water resources, among other issues [28,29]. Various aspects of
the factors affecting the levels of demand for water resources have become priority research topics in
recent decades, especially in water-stressed areas that have experienced particularly intensive urban
development processes [30]. The relationships between these factors must be analysed along with the
changes in water-saving behaviour [31–37]. In the last few years, studies have also been carried out
in Europe that analyse the reasons why water consumption has decreased [11]. Numerous studies
associated with these results have come up with possible reasons for this decrease that include:
(a) Technological innovation associated with installing new water-efficient appliances as well as
water saving devices at home (taps, bathroom fittings, etc.), which have become popular since
the late 1990s [22].
(b) Greater environmental awareness among the populace about saving water, thanks to more
organized campaigns, especially in times of drought [23,38]. Interesting results have been
obtained in the studies about the reduction of water consumption outdoors. In recent years,
homeowners have greater environmental awareness. This becomes obvious, for example, in the
typology of their gardens, where native species that adapt better to the local environment and
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require less water are becoming more popular. This was confirmed in a study by Morote and
Hernández [39], who reported a change among homeowners from having central and northern
European to Mediterranean-type gardens, which adapt better to the climate of the southeast
Spanish coast.
(c) The economic crisis has led to a drastic fall in incomes and increased unemployment. One of
the strategies used in response to this significant downturn has been to cut back on all domestic
consumption, including water, especially among the middle classes [22].
(d) Water rates and prices have increased at a time when family incomes have dwindled.
(e) The efficiency of the Water Company supply networks has improved.
(f) Drinking water has been replaced by non-conventional water sources (reclaimed water and
rainwater) for public water, private gardens (in some residential areas) and street cleaning [40].
(g) An aging population. Morote et al. [11] observed that one of the reasons behind the drop in
domestic water consumption along the Mediterranean coastline was the increase in the senior
population and the loss of a younger population due to migration that was prompted by the
economic crisis, which erupted in 2007. These authors reported that a person aged 65 or more
consumes 25% less water than the previous population segment (18 to 64 years).
The interest for the topic of study is accentuated in the case of the city of Alicante since water
has always been a resource of vital importance in view of its scarcity and the increase in demands
as from the second half of the twentieth century [41]. In terms of supply sources, in south-eastern
Spain, in order to guarantee the growing demands for water, both for the agricultural sector and
for urban-tourism uses, traditional water solutions have opted for the exploitation of aquifers and
water transfers [42,43]. Furthermore, more recently, non-conventional sources (desalination and
reclaimed treated water) have been used [44]. These measures have been complemented with increased
efficiency in the use of water for irrigation and supply [44]. In addition to these factors, there is also
a predominance of detached houses. This urban typology represents 60% of the total of the urban
areas on the coast of Alicante [10] and it is characterised by high water consumption compared to
other urban typologies. Some studies [11,22] point to the fact that more than 1000 L/day are being
consumed compared to the 244 L/day in houses of the urban core. This high consumption becomes
even more important if we take into account that: (1) the study area is a semi-arid region with a rainfall
average of 350 mm/year; (2) the dependence on water resources from other regions (supply by the
Tagus-Segura Aqueduct) and the implementation of desalination as “a new water resource” [45]; and
(3) the impact of climate change in the study area, which will become apparent through the drop
in rainfall and exacerbated extreme events (droughts and heavy rain). Both processes—a drop in
rainfall and exacerbated extreme events—will negatively affect the availability of water resources.
The growing interest in this factor is highlighted by the necessity to improve water management, the
homeowners’ perception of this factor (specifically, the level of relevance) and the measures they have
adopted or will adopt to reduce water consumption.
As a hypothesis, it has been established that, owing to the increase in urbanization, and especially,
the low-density urban development type, in recent years, cities have become less sustainable with
regard to the use of natural resources (in this case water). This would have led to an increase in water
consumption in the city. However, since the mid-2000s with the economic crisis, the significant increase
in the price of water and the recurring drought episodes may have resulted in a change of the property
owners’ perception of water saving and the water use trend in urban sprawl development types.
These changes may have been due to the attempt to reduce the water bill and to consume water more
responsibly. Therefore, one of the research questions would be to check to see if water consumption
dropped in the detached houses at the end of the economic crisis (2014) or if it continues to drop; that is,
highlight the water consumption trend. Moreover, it should be pointed out that the objectives of this
research are, first to determine the perception of water use and the consumption of the population,
and second, to compare that perception with the real water consumption, namely, the water bills
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of the owners’ homes that were included in the survey carried out by the water supply company.
This becomes more interesting thanks to a few papers that have related these two issues and even
more so considering the climatic characteristics of Alicante (scarce and irregular precipitations) and a
water demand that is higher than the existing supply, which makes this region dependent on external
water resources. However, as desalination has been promoted in recent years, perhaps this is the end
of the “physical scarcity” of water resources as some authors have stated [46].
The objectives of this research are: (1) to analyse the domestic water consumption trend in the
study area (2000–2017), and (2) explore the water use and the characteristics of the detached houses
and how property owners and residents in the area have introduced water-saving measures to reduce
consumption after the economic crisis. After the introduction, which highlights the characteristics of
the study area and the research problem, the materials, methods and results are described. Finally,
the discussions and conclusions are presented.
2. Study Area, Materials and Methods
2.1. Period and Study Area
The period analysed in this study covers the series 2000–2017. This period was selected because:
(a) it coincides with a period of noticeable decline in urban water demand since 2004–2005 [22], (b) 2008
was the year when the economic crisis erupted in Spain, (c) 2014 is the year that was characterized by
the economic recovery [47], and (d) 2017 is the last year for which a full set of consumption data is
available. It is worth pointing out that, for certain series of data, the period has been conditioned by
the fact that it was made available by the water supply company.
An analysis has been carried out on the sociodemographic characteristics (total population and
residential properties) of the study area. This includes the sector of the city of Alicante known as
the “Beach Sector”. This area includes residential neighbourhoods that are characterized by their
obvious residential-tourism component (La Albufereta, Vistahermosa, Cabo de la Huerta and Playa
de San Juan) (Figure 1) and the predominance of the detached housing urban development type [11].
With regard to demographic data, the data available at the Department of Statistics of Alicante City
Council have been used (total population and evolution of the population between 2000 and 2016).
As for data concerning the property type (number and type of properties), the data provided by the
Spanish National Statistics Institute (INE) (latest census published of 2011) were used.
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2.2. Water Data
The water consumption trend has been analysed, both for the city of Alicante and for the study
area. This data was provided by the water supply company, “Aguas de Alicante, Empresa Mixta”
(AMAEM) (2004–2017). The first year (2004) is chosen because this is the year that AMAEM began to
break down the water consumption data according to the neighbourhoods and by differentiating
consumption according to the users (domestic and non-domestic). It should be pointed out that
AMAEM and its ownership is divided into equal shares between the City Council of Alicante and
the private company Hidraqua, Gestión Integral de Aguas de Levante S.A., a subsidiary of Aquadom
(Suez Environment). Although under the supervision of the public partner, Hidraqua enjoys ample
autonomy in technical decision-making [22]. Furthermore, according to the World Bank, in 1953,
Alicante became the first international example of a successful water company of mixed (public and
private) capital under the name of “Aguas de Alicante” [48]. Moreover, the water company has also
provided information on the price of water (€/m3) according to the different consumption tariff blocks
for the 2007–2017 period. This period was chosen due to the importance of comparing consumption
before and after the economic crisis.
2.3. Questionnaire Development and Distribution
Surveys were conducted (between July and December 2017) among the residents of detached
houses in this urban sector in order to ascertain their socioeconomic characteristics, behaviour variables
and their perception of water saving and use. The process of conducting the surveys involved visiting
the detached houses in the study area. The objectives of the survey were explained to the homeowners
and they were informed that their data would be processed anonymously and exclusively for scientific
purposes. The survey was conducted in-person with those who were in the house at that moment.
Age (over 18 years) was an essential criterion to be able to answer questions in the survey along with
parity in the number of respondents.
For the survey on domestic users, the population of Alicante over the age of 18 (273,044 inhabitants
in 2016) was taken into account. To calculate the representativeness of the population, the population
census of the city of Alicante (Department of Statistics, 2016) was used and the population was divided
up according to the neighbourhoods of the different sectors of the city. When selecting the survey
sample, a margin of error of 5% and a confidence level of 90% were established. By applying these
values and taking into account the global population over 18 years of age of the city of Alicante, for the
population selected, a sample of 309 surveys had to be obtained (268 were necessary). For the detached
houses (the target of this study), 48 surveys were conducted. Since the population census does not
disaggregate between the urban development types analysed (it only differentiates the total population
according to the neighbourhoods), the population aged over 18 years was calculated on the basis of
the districts predominated by the detached house type (object of study) (Table 1).
Table 1. Number of surveys conducted.
Population over
18 Years of Age
% of
Representativeness
Surveys
Necessary (no.)
Surveys
Conducted (no.)
Urban core 227,882 81.71 219 142
Block of Flats 27,031 9.69 27 79
Terraced houses 14,292 4.30 11 40
Detached houses 14,292 4.30 11 48
Total 273,044 100 268 309
The survey questionnaire was structured into eight sections: (A) socioeconomic aspects;
(B) characteristics of the property; (C) characteristics of the outside of the property; (D) characteristics of
the garden and irrigation system; (E) indoor uses; (F) water consumption habits in the household;
(G) behaviour variables and the perception of water saving and use; and (H) perception of drought,
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climate change and water scarcity. For this study, the results obtained in sections A, C and G have
been used. The results of the surveys form part of the research project “Study of water consumption
and smart meters in the city of Alicante. The basis for smart water supply in a smart city” financed
by AMAEM. One of the specific aims of that project was to analyse the socioeconomic characteristics
and the perception of water use and savings of the population of the city of Alicante by means of
conducting surveys.
2.4. Potential and Limitations
To compare the data obtained from the surveys (perception) with the water expenses of the
properties, AMAEM provided the water consumption of the houses (m3/year, 2000–2017) where
the surveys were conducted. It is worthwhile highlighting the advantage of being able to use
billing data provided by the water supply company. The company does not disaggregate water
consumption according to urban development types. What it has done, since 2004, is to differentiate
between domestic (homes) and non-domestic (shops, services, restaurants, industries, etc.),
according to neighbourhoods.
The limitations involved in research on this scale should be explained and highlighted. It must
not be forgotten that the surveys were conducted in the properties themselves and the post code was
necessary to subsequently obtain the billing data provided by AMAEM. The signing of a confidentiality
agreement with the water company allowed us, according to the postal code, to access (always
anonymous data) the water consumption for the period 2000–2017 of the detached houses where the
survey had been carried out.
There were a number of advantages of working with real consumption data over other methods
such as analyses based on data extrapolation or using information provided by statistical agencies such
as the Spanish National Statistics Institute (INE). For example, such data gave us access to information
that was not available in conventional statistical sources, which do not disaggregate consumption
data beyond large categories (urban, industrial and agricultural). The data analysed was also more
accurate and reliable than that obtained by statistical analyses of a small number of real values. Usually,
papers on this topic have focused on the population’s perception of water consumption (through
telephone or street surveys) or on data on average consumption obtained through extrapolations per
household. Working with real consumption data is not common in Spain because it is difficult to
access this information without knowing the socio-economic characteristics of the residents and their
consumption perception. This is one of the main new elements of this research.
3. Results
3.1. Urban Sprawl and Water Consumption in the Beach Sector of the City of Alicante: A Development Type
Characterized by High Levels of Water Consumption
The city of Alicante has undergone considerable spatial and socioeconomic transformation since
the second half of the twentieth century. The area analysed in this study covers the urban districts of
La Albufereta, Vistahermosa, Cabo de la Huerta and Playa de San Juan. They make up what is
known as the “Beach Sector”, which is distinguished by the predominance of the detached house
urban development type [11]. This represents 34.43% of the total urban land of the city, the majority
being concentrated in the study area [49]. In 2017, the total population of Alicante came to 329,988
inhabitants. Out of this, around 15% is concentrated in the Beach Sector for which, since the end of
the twentieth century, a positive demographic dynamic has been recorded. The registered population
doubled between 2000 and 2016, from 28,404 to 53,205 inhabitants, respectively (an increase of 87%).
This rise is due to the spectacular increase in the urbanization in this sector, coinciding with the latest
real estate boom, which has totally changed the social and landscape physiognomy of this area. With
regard to the number of properties, according to the latest census of 2011, the total number of dwellings
amounts to 32,745 (17.55% of the total of the city). Out of the 28,707 homes in the city, 10,480 are
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located in the study area, that is, 36% of the total. This piece of data on second homes becomes more
relevant if it is compared with the overall figure for Alicante, where only 15% of total properties are
second homes.
In relation to water consumption it should be pointed out that, in general, in the cities of Europe
and the developed world, water use has decreased considerably since the end of the 1990s [11].
In Alicante, this has been apparent since 2004 when a quantity of 30.4 hm3 was supplied. From this date
onwards, the decrease in consumption (for both domestic and non-domestic uses) has been continuous,
reaching minimum figures of 22.3 hm3 in 2013 (an approximate reduction of 25%). The slight upturn
in economic activity in Spain since 2014 has not resulted in a substantial change in this trend, although
it has been observed in tourist municipalities or urban residential-tourism areas owing to higher
occupancy and longer stays in the second residences. Likewise, it should be mentioned that during the
years 2015 and 2016, the water supplied in the city increased compared to 2014 owing to the climate
conditions, such as drought and heat waves, uses related to the watering of both private and public
gardens and to the increase in the number of users connected to the network.
In 2017, the total amount for domestic water billed in the study area represents 26.87% compared to
the total for the city of Alicante. In the Beach Sector, the water supplied for domestic uses (consumption
in households) decreased by 6.18% from 4.02 hm3 to 3.77 hm3 (2004–2017). The trend for the city of
Alicante is, therefore, reproduced (a decrease of 13.47%), although somewhat more attenuated. When
a more detailed analysis is carried out, two very different realities are observed: (1) urban districts
where domestic water consumption has been reduced (La Albufereta with −15.50% and Playa de
San Juan with −11.81%); and (2) urban districts where its use has remained the same or even increased
(Vistahermosa with 0.09% and Cabo de la Huerta with 9.09%) (Figure 2).
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Figure 2. Evolution of domestic water consumption of the Beach Sector (hm3) (2004–2017). Source:
AMAEM. Compiled by the authors.
3.2. Change of Perception, Management and Water Consumption in Detached Houses
After analysing the development characteristics and the water consumption trend in the study
area, the socioeconomic characteristics of the r sident were examined according to the survey result ,
a step prior to considering their percepti n of water use.
The casuistry of con ucti g t e surveys determined the following traits with regard to Section
A (Table 2): (a) 100% were Spanish, of whom 56.25% were women; (b) it was an adult population,
with cohorts between 35–54 years and over 75 years predominating (35.42 and 33.33%, respectively);
(c) from the point of view of the social-employment situation, 52.08% were workers and 23.53% were
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retired; (d) the level of education demonstrated that this was a high educational level population
(33.33% of those surveyed had a university degree). These data are lower than those provided by
the CIDES [50] which, for the study area, comes to 50.2%; (e) in relation to the ratio of inhabitants
per household, the average was 2.83 and with few changes, since 75% of those surveyed stated
that there had been no reduction or increase in the family unit; and (f) the economic income of the
households stands at between €3001 and 4500 per month for net income (41.67% of those surveyed)
and, in second place, between €1801 and 3000 per month (33.33%). The average income according to
the CIDES [50] amounts to €2439. If these data are compared with the average income for the city of
Alicante (€1783/month/household), it is obvious that this is one of the sectors where the wealthier
classes of the city live [50].
Table 2. Socio-demographic characteristics of the respondents (Section A of the survey).
Variable %
Age (years)
18–25 8.33
26–34 6.25
35–54 35.42
55–75 16.67
>75 33.33
Employment
Student 14.58
Employee 52.08
Unemployed 0
Retired 33.33
Level of Education
No studies 0
Primary education 33.33
Secondary education 27.08
Higher education 39.58
Average income per household (€/month)
<600 0
601–1200 0
1201–1800 0
1801–3000 33.33
3001–4500 41.67
>4500 25.00
Source: Compiled by the authors.
With regard to the characteristics of the outside of the property (Section C), the average total
plot size of those surveyed comes to 1225 m2. In order of importance, the plots consist in the garden
35.13% (430 m2) and, second, paved areas taking up 31.35% of the total plot (384 m2). A total of
33.33% of respondents acknowledged having made changes to the outside of their property, and of
these, 50% stated that they had made changes outdoors. These include planting succulent plants
(vegetation adapted to water scarcity and the Mediterranean climate), replacing the lawn (Atlantic
vegetation) with them, paving part of the garden and repairing leaks in the swimming pool. All
of these are measures that try to reduce water use. None of the participants surveyed stated that
they had increased the garden area. With regard to the supply sources, all the water consumed in
the property for the different uses (home, garden, vegetable plot and swimming pool) comes from
the drinking water supply network. The objective of the last question in this section (“repercussion
of reclaimed water”) was to ascertain the perception of the respondents with regard to the use of
this non-conventional source. However, since none of them use it (because their properties are not
connected to the reclaimed water network owing to the inexistence of the network close by) the results
obtained show that 100% are “indifferent” to its impact (Table 3).
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Table 3. Characteristics of the outside of the property (Section C of the survey).
Variable %
Plot size
Building 13.7
Garden 35.13
Vegetable plot 5.44
Swimming pool 2.24
Paved area 31.35
Other 12.55
Changes to the property Yes 33.33
No 66.67
Supply sources
Public network 100
Well (groundwater) 0
Rainwater tank 0
Reclaimed water 0
Perception of the use of reclaimed water
Very positive 0
Positive 0
Indifferent 100
Negative 0
Very negative 0
Source: Compiled by the authors.
The purpose of the survey questions related to the variables of water saving and use behaviour
(Section G) was to ascertain the respondents’ perception of water use and saving and the measures
that they have taken in recent years to reduce consumption. The majority (66.67%) compare the water
bill with previous ones and they are willing to have a remote meter installed free of charge. This shows
that there is an interest in favour of saving water, whether for economic or for environmental reasons.
Thanks to the existence of these devices (smart meters), the user can find out about the consumption of
the household instantly, and they can also be warned about any anomalous consumption (leak or
failure). Therefore, there is greater control of domestic water use. The question relating to the
homeowners’ awareness of water saving demonstrates that the majority are in favour: 83.33% are
moderately aware and 16.67% are very aware (Table 4).
Table 4. Behaviour with regard to water saving and use (Section G of the survey).
Variable No. of Responses %
Comparison with previous bills Yes 32 66.67
No 16 33.33
Installation of Smart meter
Yes 32 66.67
No 16 33.33
Awareness regarding water saving
Very aware 8 16.67
Moderately aware 40 83.33
Slightly aware 0 0
Not at all aware 0 0
Perception of the consumption trend
It has decreased 0 0
It has remained the same 24 50
It has increased 8 16.67
Don’t know 16 33.33
Impact of water-saving measures
Very positive 0 0
Positive 24 50
Indifferent 0 0
Negative 0 0
Very negative 0 0
Don’t know 24 50
Source: Compiled by the authors.
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The results obtained from this last answer can be considered, to a certain extent, as being
“politically correct” in view of the results obtained from other replies. This becomes evident when
analysing the consumption trend where 50% state that the water use in their household has remained
the same, 16.67% say that it has increased and 33.33% replied that they do not know how much
they consume. If these values are compared with the billing data for these houses provided by the
water supply company, it appears that, in general, there has been a decrease of 43.27% from 1255 to
712 L/property/day (Figure 3). As the ratio of inhabitants/property in the households surveyed was
2.83, water consumption per capita would amount to 247 L/day. This, in 2000, would be situated
(maintaining that ratio) at 503 L. This contradiction highlights the users’ considerable lack of knowledge
about how much water is consumed in their households and their erroneous perception. The factors
that may explain this ignorance are a high level of water consumption and the lack of control in its use
as a result of not consulting the water bill or that the price of the water is paid without any economic
difficulty. The fact that 33.33% of those surveyed state that they do not know how much water is
consumed in their household could vouch for this fact.
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Figure 3. Evolution of water consumption of the detached houses where the survey was conducted
(litres/property/day) (2000–2017). Source: AMAEM.
With regard to the impact of the household water-saving measures, 50% replied that they
have been positive. However, the rest (the other half), replied that they did not have information
or knowledge about this impact. Another one of the questions is related to the different factors that
may have affected the reduction in water use at home. According to the answers, the first three
factors were: (1) greater environmental awareness, (2) technical innovation (use of domestic appliances
or systems that are more efficient in the use of water), and (3) installation of water-saving devices.
Factors concerning the increase in the price of water or the economic crisis were in fourth and fifth
place, respectively (Figure 4). This order, which is contrary to the results of other neighbourhoods of
the city, is explained by the fact that the study area is situated in a high-income sector with a low
level of unemployment, thus corroborating the survey data (see section A) and the Survey on Living
Conditions and the Employment Situation in the City of Alicante [50]. In terms of future measures to
reduce consumption, they reiterate those already adopted. Therefore, when it comes to water-saving
devices or more efficient appliances that they consider installing in the future, the majority mention
buying eco-friendly washing machines and eco-friendly dishwashers (36.36% in both cases). As for the
uses and systems that the participants think consumes the most water at home, these were mentioned
in the following order of importance: (1) outdoor elements (watering the garden), (2) washing machine,
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and (3) shower. Finally, the last questions of this section are related to environmental campaigns.
A total of 66.67% remember some campaign, having seen it on the internet (40%) and on television and
awareness campaigns by institutions (water company, council, etc.) (30% in both cases).
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Figure 4. Main perception factors of the water consumption reduction in households according to
those surveyed. Source: Results of the surveys. Compiled by the authors. NB: The respondents were
required to rate the items on a scale of 1 to 8, the most important being 1 and the least important 8.
The last detail analysed in this study was the annual price paid for the water resource
provided by AMAEM. This is of greater interest because water consumption is the highest in these
households. In the city of Alicante, billing is quarterly, and it is structured into consumption bands
with an increasing price per m3 as a dissuasive measure against consumption (Table 5). In 2017,
the consumption blocks per quarter and price per m3 (euros) were as follows: (1) from 0 to 12 m3
(0.01 €/m3), (2) from 13 to 30 m3 (0.69 €/m3), (3) from 31 to 60 m3 (1.76 €/m3), and (4) more than 60 m3
(2.36 €/m3). It is worth mentioning that this price is final, that is, it takes into account all the service
costs (the price of the water, meter maintenance, sewerage, treatment and taxes). It should also be
pointed out that, as of 2017, the first two consumption blocks have varied, so has the price per m3
per block. With regard to the latter (that of the highest consumption), the price per m3 has increased
by 44.78% in the last decade from €1.63 to €2.36. In order to place a property in this band, it would
have to consume more than 668 L/property/day.
Table 5. Price of water (€/m3) per consumption block in the city of Alicante (2000–2017).
Consumption Blocks 2007 2009 2011 2013 2017
From 0 to 9 m3 per quarter * 0.02 0.02 0.02 0.02 0.01
From 10 to 30 m3 per quarter * 0.43 0.49 0.49 0.53 0.69
From 31 to 60 m3 per quarter 1.3 1.52 1.63 1.76 1.76
61 m3 per quarter and over 1.63 1.92 2.18 2.36 2.36
Source: AMAEM. Compiled by the authors. * NB: As of 2017, the first band of 0 to 9 m3/quarter has
changed to 0 to 12 m3/quarter, and the second, that of 10 to 30, to 13 to 30 m3/quarter.
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In view of the water consumption data of the households surveyed (712 L/property/day), they are
situated in the last block. According to their consumption, the average final amount of the water bill
that the residents of the households surveyed pay per year can be calculated. In 2017, this amounted to
€613. However, in 2007, with the data provided (price per m3 in the highest consumption band and
consumption that was situated at 861 L/day), this would be €512. If consumption in 2017 had remained
the same as that of a decade before, the bill that they would have to pay now (taking into account the
new tariff of 2.36 €/m3), would amount to €741. This means that although water consumption has
decreased, water bills have not; on the contrary, they have continued to increase.
4. Discussion
As stated in the initial hypothesis for this research, urban expansion characterized by low-density
urban development in the city of Alicante involved implementing an urban model that is not very
sustainable; a trait that is exacerbated by the expansion of this development type coinciding with the
most recent real estate boom. This study has corroborated the fact that water consumption in these
households is high compared to other types. In 2017, water use per detached house amounted to 712 L
per day in the study area. Some publications that have analysed water consumption according to
residential property types have estimated modules of over 600 L/property/day for houses with private
swimming pools and garden modules [11,51,52]. However, other property types characterized by the
inexistence of outdoor spaces or where these are very small and arranged in rows as in the case of
terraced houses, water consumption is considerably lower. For this type, for example, Rico [53]
estimated on the coast of Alicante modules of 456 L/property/day. Regarding the city of Alicante,
Gil et al. [22] calculated that consumption was around 387 L in semi-detached or terraced houses, 322 L
in properties located in blocks of flats and 244 L in households of the urban core (compact city).
However, despite the significant increase in the urbanized area, a regressive trend has been
recorded for urban consumption in the majority of cities in developed countries since the end of
the twentieth century [23,54]. On the Spanish Mediterranean coast, Gil et al. [22] explain that
this trend is due to an amalgam of factors, among which it is worthwhile mentioning greater
environmental awareness in favour of water saving, drought episodes, social and demographic
changes (reduction of the population), the increase in the price of the water, more efficient technologies
and the effect of the economic crisis since 2008. For the different urban typologies of the city of
Alicante, Morote et al. [11] calculated decreases that varied according to economic income and urban
development type. In households of the urban core, from 5.86 to 18.84%, in blocks of flats, from 9.18 to
11.89%, in terraced houses from 2.64 to 5.12%. This percentage increases significantly for detached
houses (2300 to 1052 L/day) (−54%) to a large extent, as a result of the high starting values and the role
played by certain factors (price of water, economic crisis, environmental awareness, incorporation of
more efficient technologies, etc.) [11]. This trend, which corroborates the initial hypothesis, makes it
necessary to analyse the importance of the role played by those factors in the reduction of consumption
by this urban development type in the study area (a decrease of 43.27%).
To examine this matter in more detail, those surveyed were asked about their perception of the
different variables that might have influenced this decrease. The three main factors were: greater
environmental awareness, technical innovations (domestic appliances and systems that use water
more efficiently) and the installation of water-saving devices. According to the answers of those
surveyed in this research, environmental awareness is the topic with the greatest repercussion to
explain this decrease. It is a factor that is also interrelated with the acquisition of domestic appliances
and systems that use water more efficiently, together with the installation of water-saving devices.
However, out of the eight factors proposed (from which the respondents had to choose), the price of
water was ranked in fourth place and the economic crisis in fifth. These data are opposite to the results
obtained by Morote and Hernández [39] in the residential complexes on the coast of Alicante, which
are characterized by the presence of a foreign population, where the reasons why changes are made in
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favour of water saving were the drought and the bad adaptation of Atlantic vegetation that they had
planted in their gardens and the high price of water.
The social and economic profile of those surveyed shows that, to a great extent, they have not
suffered from the recession, unlike those in other neighbourhoods of the city of Alicante. Other factors,
in addition to per capita income, explain the adoption of initiatives aimed at reducing expenses.
The increase in the price of water, the adoption of more sustainable consumption habits (for example,
using the shower instead of the bath), using more efficient technology in domestic appliances,
the environmental awareness associated with water-saving campaigns, or changes in the garden
(replacement of Atlantic for Mediterranean plants) play a fundamental role. They have the spending
power to acquire efficient, but also more expensive, domestic appliances, or, as a result of their level of
education, they are more environmentally aware [22]. The economic crisis may have encouraged these
water-saving measures that were taken. The adoption of practices aimed at a more sustainable use of
resources is a practice assumed by many echelons of society, becoming a structural fact that is still a
personal saving habit.
With regard to the water bill (price of water and other concepts) the data show that, currently,
more is paid for this resource than a decade ago, even with less water being consumed. The rise
in prices (in addition to the increase in tariffs due to the incorporation of desalinated water and
recovery cost related to implementation of the Water Framework Directive) could be a result of the
current reduction in water consumption. The operating costs, depreciation, investment, etc., have not
decreased. For this reason, to offset the lower consumption of drinking water, the supply company
has been obliged to increase the price of water to maintain the service at optimum levels. Morote and
Hernández [47] prove that, for a water bill of 30 m3/quarter, the price paid for this bill has increased
by 92% since the year 2000 in the city of Alicante. Furthermore, this has occurred (and therefore the
consumers have had to deal with it) in a context of economic recession. In the detached houses of this
study the price of water has increased by 44% (2007–2017) (61 m3 per quarter and over). However,
if the evolution of the consumer price index (CPI) and the family’s income is compared, the conclusion
can be drawn that families have lost their purchasing power in relation to the increase in water prices.
For example, according to the data provided by the INE [55], the CPI of the province of Alicante
between 2007 and 2017 increased 15.3%, but the income of families dropped 6.85% (25,802 €/year in
2007 and 24,034 €/year in 2017) [56].
The relationship between the increasing water rates and their influence on the consumption drop
cannot be considered to be a direct cause. The elasticity of water demand in relation to its price is
low in moderate consumption, because a basic minimum consumption of drinking water must be
covered (basic needs). Hence, the incorporation of water saving measures does not affect a reduction
in the water bill, or the decrease in consumption [57]. In addition to this, the water bill incorporates a
series of variables that increases the final price, which are not associated with consumption. The use of
consumption blocks as a saving element must provide for the non-elasticity in the price of water in the
first blocks of consumption; the last blocks of consumption have a greater impact. This is related to
consumption associated with external uses that are not included in the basic supply.
In terms of garden areas, one point that corroborates their effect on the high levels of water
consumption is that the participants in the survey state that the main water use in their household
is watering the garden. Furthermore, this is mainly due to their size and the presence of Atlantic
vegetation. In this respect, it is appropriate to point out that the water requirements of a lawn on
the coast of Alicante vary between 1000 and 1200 mm/year (depending on evapotranspiration), and
this is exacerbated given that average rainfall in the city amounts to 311 mm/year [58]. Morote and
Hernández [59] estimated that a garden on the north coast of the province of Alicante consumed
556.08 L per day (47% of the consumption of a detached house). In the Metropolitan Area of Barcelona
(Spain), Domene and Saurí [51] calculated that, in the summer months, 48.8% of total water consumed
daily at home was used for irrigation. Higher percentages were recorded in the arid and semi-arid
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regions of the west part of the USA, where this reached 50% of total household consumption [60].
Authors, such as Loh and Coghlan [61], raise this to 56% in the city of Perth (Australia).
As a result of this research, it has also been ascertained that there has been a change of perception
and management of the use of water outdoors, with a predominance of initiatives aimed at reducing
consumption. Various processes corroborate this point. First, there is the reduction of gardens. Areas
used as gardens stand for 35.13% of the plot, but paved areas have become more popular in the last
decade. They currently represent 31.35%. The substitution of plant species is in second place. This is
highlighted in the participants’ answers concerning the changes made outdoors where 33.33% of those
surveyed said that they have replaced the lawn area and plants that require large amounts of water
with succulent plants and they have paved part of the garden. These initiatives are complemented
by the repair of leaks in the swimming pool. Therefore, these are measures to maintain and reduce
consumption from the point of view of demand management. In addition to this, there is the possible
impact of awareness campaigns and how they have been able to make a change and improve the
environmental awareness of the residents; 66.67% replied that they remember these campaigns.
One of the questions included in the survey was the perception regarding reclaimed treated water.
In this case, its use was related to the possibility of using lower quality water for activities that do not
require drinking water (watering the garden). Furthermore, in this way, it reduces the pressure on the
latter and increases the resilience of the urban model. A total of 100% of those surveyed said they were
“indifferent”, and this resource was even ruled out. This lack of acceptance may be due to either the
perception of the quality of the water or the fact that it is not used since there is no reclaimed water
network for the watering of private gardens near their homes. As the reclaimed water distribution
network in the different urban sectors of the city is a new concept, a precise evaluation of the role
played by this new source in saving drinking water in the city cannot be obtained. Therefore, the survey
shows a high value for the option “indifferent”, when the increasing importance of this type of resource
in the urban use of water as a means of saving drinking water is evident. In the city of Alicante, it
should be pointed out that in certain urban areas, reclaimed water is supplied to satisfy watering needs
in private properties. According to the calculations of Gil et al. [22], its incorporation, together with
other factors, has led to a reduction of 54% in the consumption of drinking water between 2007 and
2013, from 2300 to 1052 L/property/day in detached houses in the urban district of Vistahermosa
(city of Alicante).
5. Conclusions
Detached houses represent the urban development type that consumes the highest amount of
water due to the existence of uses characterized by high demands such as watering the garden and/or
filling the swimming pool. In the city of Alicante since the year 2000, there has been a decrease in water
consumption of 43.27% in detached houses, from 1255 to 712 L/day. This process, which forms part of
a more sustainable use of resources has not, however, been accompanied by a reduction in the cost
of the water bill. On the contrary, users now pay 19.7% more than a decade ago. This demonstrates
that, despite the fact that families have made a considerable effort to reduce domestic consumption,
this has not led to a reduction in the water bill owing to the increase in the price per m3 of water
(44.78%) and also in the different levies applied to consumption (treatment costs, for example, or
charges associated with the maintenance of the service, which the company passes on in the price of
the water). This increase has also had a dissuasive effect, since the band in which the price per m3
has increased the most has been that of the highest consumption (61 m3 per quarter and over, which
applies to detached houses).
The reduction in water use has been a constant since 2004 in the city, as corroborated by the
volumes billed by the supply company. However, the results deriving from the surveys highlight that
the residents do not know exactly what their consumption is, or their trend is, either because they are
not concerned or because they do not monitor their domestic expenditure in detail. They are more
concerned (and have greater perception) about matters concerning the adoption of more sustainable
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practices in the consumption of water resources as corroborated by their responses, and this is shown
by the decrease in consumption. The factors that have led to this reduction include, in order of
relevance: greater environmental awareness, the existence of systems that use water more efficiently
and the installation of water-saving devices. However, their choice, out of a total of eight factors,
leads to the question as to whether these three have been influenced by the increase in the price of
water and the economic crisis; meanwhile the average annual salary dropped by 6.85% from 2007 to
2017. That is, whether the reason behind adopting practices of this type is to save money owing to
the increase in the price of water and the impact of the economic crisis. This has occurred with other
domestic expenses that have been reduced. One of the hypotheses of this paper was to see if water
consumption in detached houses had recovered after the end of the economic crisis in 2014. Despite
the fact that the wealthier population of the city live in these houses (see Reference [11]), the economic
crisis has also affected these families. Furthermore, water consumption is no exception. Morote and
Hernández [47] have shown that in these households (detached houses), the ratio of fraud in properties
connected to the network is similar to that detected in the poorest neighbourhoods of the city of
Alicante. The increase in fraud, as these authors explain, is related to the need to save water owing to
high levels of water consumption generated in this urban development type, which is exacerbated in
periods of drought.
Finally, it is worthwhile pointing out that a change of paradigm and perception is taking place with
regard to an improvement in water management with regard to measures for demand management.
Perhaps the price of water is an indicator of the control of consumption, which has already been
corroborated by other authors [62] and this helps to make cities more sustainable and respectful when
it comes to using natural resources [40]. Furthermore, the uncertainty associated with the availability of
future water resources must be mentioned, taking into account the climate change scenarios [63–65],
along with the need to set a goal to not compromise future generations in terms of the guaranteed
availability of water.
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